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The paper discusses a method of generating correct controllers for plants such as manufacturing systems. These controllers ensure a desired control behavior specified by Grafcet models as well as additional safety and operational constraints described by finite automatons. In addition, they always guarantee that the controlled systems are able to reach their initial states again (hence, they work deadlock-free). To achieve this, detailed discrete-event plant models are required by the algorithms which implicitly specify all possible event sequences of the plants without control. The authors claim that the generated controllers work optimally in the sense that they restrict the plant's flexibility no more than absolutely necessary to ensure the given constraints.
The author's approach comprises the following steps:
1. A Grafcet model which speci®es the major part of the desired control behavior has to be manually developed. It de®nes all control actions (output signals of the controller) as well as all conditions on the controller's input signals that force state transitions in the Grafcet and, hence, lead to new control actions. However, this Grafcet does not ensure deadlock-freeness or other (safety) constraints. 2. With this Grafcet as input, proposed algorithms generate a special kind of automaton, denoted ASS, which can be seen as a reachability graph of the Grafcet. But because the Grafcet does not model the underlying plant dynamics in detail, ASS also contains event sequences which are physically not possible in the controlled plant. Hence, an ASS cannot be used to decide whether the Grafcet itself already ensures deadlock-freeness and all other (safety) constraints or not. 3. Therefore, a manually designed automaton which models the respective plant in detail is required. These automatons tend to be very large. 4. Also, all safety and other operational constraints have to be manually described by automatons. 5. Using the plant model automaton (3) and the constraint automatons (4) as input, a supervisory controller synthesis approach taken from the literature generates a constraint-enforcing supervisory controller S for the plant. 6. A proposed algorithm merges ASS and S such that a combined controller SYNC results. SYNC enforces all given constraints and realizes the desired control behavior, but does not avoid deadlocks. 7. Other proposed algorithms eliminate deadlocks basically by searching and removing states without feasible event sequences back to the initial state. 8. During a last step, the modi®ed deadlock-free controller SYNC is reduced and simpli®ed to get the ®nal control automaton OPT. Each state of OPT speci®es all necessary control actions required for this state; each arc of OPT corresponds to an uncontrollable plant event (controller input).
The most serious drawback of this approach is its computational complexity. The authors demonstrate their approach by means of a simple example. But even for this simple example, S comprises about 70,000 states and more than 500,000 transitions. For the reader, it is not clear why it is not possible to introduce enough plant information into ASS to be able to eliminate deadlocks and to ensure the safety constraints without the need to calculate S, SYNC and OPT. We agree with Dr. M. Seidl's remark implying that the most serious drawback of the approach lies in its computational complexity. However, and unfortunately, this complexity is inherent to the parallel nature of discrete-event systems. The suggested introduction of enough plant information into the ASS implies that all the reactions of the plant and their interleaving are known precisely and in advance, for each control action of Grafcet. Unfortunately, this hypothesis is restrictive and unrealistic for the case of complex systems involving partial Grafcets and parallel evolutions related to the different elements of the plant. The theoretical behavior of the resulting model may, therefore, be different from its behavior when it is executed to control the plant. It therefore becomes necessary to use an explicit model of the plant. This issue is further developed in Section 3.3 of the paper.
